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VEHICLE TRAVELING CONTROL
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a vehicle traveling
control apparatus which decelerates a vehicle to stop (auto-
matically stop) the vehicle when a driver falls into an
abnormal state in which the driver loses an ability to drive
the vehicle.

2. Description of the Related Art

[0002] Conventionally, an apparatus has been proposed,
which determines whether or not a driver falls into an
abnormal state where the driver loses an ability to drive a
vehicle (for example, a state in which the driver drives the
vehicle while sleeping, a state in which a mind and body
function of the driver stops, or the like), and performs a
control which automatically stops the vehicle regardless of
whether or not a brake operation is performed when the
driver is determined to be in such an abnormal state (for
example, refer to Japanese Patent Application Laid-Open
(kokai) No. 2015-54547).

[0003] Hereinafter, such a vehicle which is automatically
stopped is also referred to as an “automatically stopped
vehicle.”

SUMMARY OF THE INVENTION

[0004] However, according to the conventional apparatus,
a situation where it is permitted to automatically stop the
vehicle is not specifically specified/discussed. Therefore, a
case may arise where the vehicle is automatically stopped
when the vehicle is in a state that is not suitable (unfavor-
able) for stopping the vehicle automatically. That is, there is
a possibility that the vehicle is automatically stopped when
the vehicle is in at least one of the following situations.
[0005] A situation where a vehicle (i.e., another vehicle)
other than the automatically stopped vehicle such as a
following vehicle of the automatically stopped vehicle or the
like needs to apply a sudden braking in order to avoid the
automatically stopped vehicle, because the vehicle other
than the automatically stopped vehicle is traveling at high
speed.

[0006] A situation where a weather condition is not good
(for example, in a rainfall or in a dense fog, or the like), and
therefore, it is not easy for the driver of another vehicle to
visually recognize the automatically stopped vehicle
because the visibility for the driver is poor/deteriorated.
[0007] A situation where a road surface friction coeflicient
(road surface p) is small, and therefore, it is difficult for
another vehicle such as the following vehicle of the auto-
matically stopped vehicle to stably perform a sudden stop or
a rapid deceleration in order to avoid the automatically
stopped vehicle.

[0008] The present invention has been made in order to
solve the above-mentioned problem. That is, one of objects
of the present invention is to provide a vehicle traveling
control apparatus (hereinafter also referred to as a “present
invention apparatus”) which decelerates a vehicle to stop the
vehicle when a driver of the vehicle falls into the abnormal
state in which the driver loses the ability to drive the vehicle,
and which can reduce the possibility that the vehicle is
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stopped when the vehicle is in the situation that is not
suitable/favorable for stopping the vehicle automatically.
[0009] The present invention apparatus which is a vehicle
traveling control apparatus applied to a vehicle comprising;
[0010] abnormality monitoring means (10, step 230, step
320) for monitoring whether or not a driver of the vehicle is
in an abnormal state where the driver loses an ability to drive
the vehicle; and

[0011] decelerating means (10, 30, 31, 40, 41, step 550)
for decelerating the vehicle to automatically stop the
vehicle after a conclusive abnormality determination
time point which is a time point when the abnormality
monitoring means finalizes a determination that the
driver is in the abnormal state,

wherein, the decelerating means is configured to:

[0012] determine whether or not the vehicle is in a
deceleration prohibition situation based on at least one
set of self-vehicle information on a traveling state of
the vehicle, information on a speed of another vehicle
traveling around the vehicle, information on a speed
limit of a road on which the vehicle is traveling,
information on weather condition around the vehicle,
and information on a road surface condition of the road
on which the vehicle is traveling; and

[0013] prohibit the deceleration of the vehicle (step
545) when it is determined that the vehicle is in the
deceleration prohibition situation (“No” determination
at step 540).

[0014] According to the present invention apparatus, the
decelerating means decreases the vehicle speed of the
vehicle to zero so as to stop the vehicle after the conclusive
abnormality determination time point at which the abnor-
mality monitoring means finalizes the determination that the
driver is in the abnormal state. In this case, the deceleration
of the vehicle is prohibited when it is determined by the
decelerating means that the vehicle is in the deceleration
prohibition situation based on at least one set of self-vehicle
information on a traveling state of the vehicle, information
on a speed of another vehicle traveling around the vehicle,
information on a speed limit of a road on which the vehicle
is traveling, information on weather condition around the
vehicle, and information on a road surface condition of the
road on which the vehicle is traveling. As a result, it is
possible to reduce the possibility that the vehicle is stopped
in the situation which is not suitable (favorable) for a
situation where the vehicle is automatically stopped.
[0015] In one of the aspects of the present invention
apparatus,

[0016] the decelerating means is configured to:

[0017] start the deceleration of the vehicle from a
tentative abnormal determination time point which is a
time point at which it is determined that the driver is
likely to be in the abnormal state by the abnormality
monitoring means and which is prior to the conclusive
abnormal determination time point (step 440); and

[0018] prohibit the deceleration of the vehicle (step
450) when it is determined that the vehicle is in the
deceleration prohibition situation in a period after the
tentative abnormality determination time point (“Yes”
determination at step 410, and “No” determination at
step 430).

[0019] According to this aspect, after the tentative abnor-
mality determination time point, the deceleration of the
vehicle is prohibited when it is determined that the vehicle
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is in the deceleration prohibition situation based on at least
one set of the self-vehicle information on the traveling state
of the vehicle, the information on the speed of another
vehicle traveling around the vehicle, the information on the
speed limit of the road on which the vehicle is traveling, the
information on weather condition around the vehicle, and
the information on the road surface condition of the road on
which the vehicle is traveling. As a result, in the situation
which is not suitable (favorable) for automatically stopping
the vehicle, it is possible to further reduce the possibility that
the vehicle is made to be stopped or the possibility that the
vehicle is made to travel/run at an extremely low speed.
[0020] In one of the aspects of the present invention
apparatus,
[0021] the decelerating means is configured to:
[0022] acquire a vehicle speed of the vehicle as the
self-vehicle information; and
[0023] determine whether or not the vehicle speed
acquired as the self-vehicle information is higher than
a threshold self-vehicle speed to determine whether or
not the vehicle is in the deceleration prohibition situ-
ation (step 610).
[0024] When the vehicle speed of the self-vehicle exceeds
the threshold self-vehicle speed, it is considered that the
vehicle (vehicle whose driver is or is likely to be in the
abnormal state) is traveling on a road on which vehicles are
permitted to travel at high speed (for example, an express-
way such as an autobahn or the like). Therefore, in this case,
if the vehicle is decelerated, the vehicle is likely to interfere
with the traffic of another vehicle, and accordingly, it is
considered that the vehicle is in the situation (deceleration
prohibition situation) where it is not preferable for the
vehicle to be automatically stopped by the deceleration. In
view of the above, according to the above aspect, the
deceleration of the vehicle is prohibited in such a case. As
a result, it is possible to further reduce the possibility that the
vehicle is stopped or the vehicle travels at the extremely low
speed in the situation which is not suitable (favorable) for
automatically stopping the vehicle.

[0025] In one of the aspects of the present invention
apparatus,
[0026] the vehicle is provided with a cruise control

apparatus (10) which controls a vehicle speed of the
vehicle in such a manner that the vehicle speed of the
vehicle becomes equal to a target vehicle speed set by
the driver, and
[0027] the decelerating means is configured to acquire a
vehicle speed of the vehicle and the target vehicle speed
which has been set most recently as the self-vehicle
information, and to determine whether or not the
vehicle speed of the vehicle is higher than the target
vehicle speed which has been set most recently, to
determine whether or not the vehicle is in the decel-
eration prohibition situation (step 610).
[0028] When the vehicle speed is higher than the target
vehicle speed set most recently for the cruise control appa-
ratus, for example, a case where the driver depresses the
accelerator to drive the vehicle at a vehicle speed higher than
the target vehicle speed (in the case of accelerator override),
and the like are conceivable. In such a case, it is considered
that the vehicle (vehicle whose driver is or is likely to be in
the abnormal state) is traveling on a road area (a passing lane
or the like) where traveling at high speed is necessary.
Therefore, in this case, if the vehicle is decelerated, the
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vehicle is likely to interfere with the traffic of another
vehicle, and accordingly, it is considered that the vehicle is
in the situation (deceleration prohibition situation) where it
is not preferable for the vehicle to be automatically stopped
by the deceleration. In view of the above, according to the
above aspect, the deceleration of the vehicle is prohibited in
such a case. As a result, it is possible to further reduce the
possibility that the vehicle is stopped or the vehicle travels
at the extremely low speed in the situation which is not
suitable (favorable) for automatically stopping the vehicle.

[0029] In one of the aspects of the present invention
apparatus,
[0030] the decelerating means is configured to deter-

mine whether or not the vehicle speed of another
vehicle is higher than a threshold another vehicle speed
to determine whether or not the vehicle is in the
deceleration prohibition situation (step 610).

[0031] When the vehicle speed of another vehicle is higher
than the threshold another vehicle speed, a case where the
vehicle (vehicle whose driver is or is likely to be in the
abnormal state) is traveling on the road (for example, the
expressway or the like such as the autobahn) on which
vehicles are permitted to travel at high speed is conceivable.
Therefore, in this case, if the vehicle is decelerated, the
vehicle is likely to interfere with the traffic of another
vehicle, and accordingly, it is considered that the vehicle is
in the situation (deceleration prohibition situation) where it
is not preferable for the vehicle to be automatically stopped
by the deceleration. In view of the above, according to the
above aspect, the deceleration of the vehicle is prohibited in
such a case. As a result, it is possible to further reduce the
possibility that the vehicle is stopped or the vehicle travels
at the extremely low speed in the situation which is not
suitable (favorable) for automatically stopping the vehicle.

[0032] In one of the aspects of the present invention
apparatus, the vehicle is provided with a cruise control
apparatus (10) which controls a vehicle speed of the vehicle
in such a manner that the vehicle speed of the vehicle
becomes equal to a target vehicle speed set by the driver, and

[0033] the decelerating means is configured to acquire
the target vehicle speed as the information on the speed
limit, and to determine whether or not the target vehicle
speed is higher than a threshold target vehicle speed, to
determine whether or not the vehicle is in the decel-
eration prohibition situation (step 610).

[0034] When the target vehicle speed of the vehicle set in
the cruise control apparatus is higher than the threshold
target vehicle speed, a case where the vehicle (vehicle whose
driver is or is likely to be in the abnormal state) is traveling
on the road (for example, the expressway or the like such as
the autobahn) on which vehicles are permitted to travel at
high speed is conceivable. Therefore, in this case, if the
vehicle is decelerated, the vehicle is likely to interfere with
the traffic of another vehicle, and accordingly, it is consid-
ered that the vehicle is in the situation (deceleration prohi-
bition situation) where it is not preferable for the vehicle to
be automatically stopped by the deceleration. In view of the
above, according to the above aspect, the deceleration of the
vehicle is prohibited in such a case. As a result, it is possible
to further reduce the possibility that the vehicle is stopped or
the vehicle travels at the extremely low speed in the situation
which is not suitable (favorable) for automatically stopping
the vehicle.
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[0035] In one of the aspects of the present invention
apparatus, the vehicle is provided with a navigation device
having information on the speed limit of the road on which
the vehicle is traveling, and

[0036] the decelerating means is configured to acquire
the speed limit as the information on the speed limit
from the navigation device, and to determine whether
or not the acquired speed limit is higher than a thresh-
old speed limit, to determine whether or not the vehicle
is in the deceleration prohibition situation (step 610).

[0037] When the speed limit of the road on which the
vehicle is traveling acquired from the navigation device is
higher than the threshold speed limit, a case where the
vehicle (vehicle whose driver is or is likely to be in the
abnormal state) is traveling on the road (for example, the
expressway or the like such as the autobahn) on which
vehicles are permitted to travel at high speed is conceivable.
Therefore, in this case, if the vehicle is decelerated, the
vehicle is likely to interfere with the traffic of another
vehicle, and accordingly, it is considered that the vehicle is
in the situation (deceleration prohibition situation) where it
is not preferable for the vehicle to be automatically stopped
by the deceleration. In view of the above, according to the
above aspect, the deceleration of the vehicle is prohibited in
such a case. As a result, it is possible to further reduce the
possibility that the vehicle is stopped or the vehicle travels
at the extremely low speed in the situation which is not
suitable (favorable) for automatically stopping the vehicle.

[0038] In one of the aspects of the present invention
apparatus, the vehicle is provided with a communication
device (111) configured to be capable of receiving informa-
tion on the speed limit of the road on which the vehicle is
traveling from an external device of the vehicle, and

[0039] the decelerating means is configured to acquire
the speed limit as the information on the speed limit
from the communication device, and to determine
whether or not the acquired speed limit is higher than
a threshold speed limit, to determine whether or not the
vehicle is in the deceleration prohibition situation (step
610).

[0040] When the speed limit of the road on which the
vehicle is traveling acquired from the external device is
higher than the threshold speed limit, a case where the
vehicle (vehicle whose driver is or is likely to be in the
abnormal state) is traveling on the road (for example, the
expressway or the like such as the autobahn) on which
vehicles are permitted to travel at high speed is conceivable.
Therefore, in this case, if the vehicle is decelerated, the
vehicle is likely to interfere with the traffic of another
vehicle, andaccordingly, it is considered that the vehicle is in
the situation (deceleration prohibition situation) where it is
not preferable for the vehicle to be automatically stopped by
the deceleration. In view of the above, according to the
above aspect, the deceleration of the vehicle is prohibited in
such a case. As a result, it is possible to further reduce the
possibility that the vehicle is stopped or the vehicle travels
at the extremely low speed in the situation which is not
suitable (favorable) for automatically stopping the vehicle.

[0041] In one of the aspects of the present invention
apparatus,
[0042] the vehicle is provided with an imaging device

(17b) which acquires image data by photographing a
peripheral region of the vehicle, and
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[0043] the decelerating means is configured to extract
the speed limit indicated by a road sign included in the
image data as the information on the speed limit, and to
determine whether or not the extracted speed limit is
higher than a threshold speed limit, to determine
whether or not the vehicle is in the deceleration pro-
hibition situation (step 610).

[0044] When the speed limit indicated by the marker
extracted from the image data captured by the imaging
device is higher than the threshold speed limit, a case where
the vehicle (vehicle whose driver is or is likely to be in the
abnormal state) is traveling on the road (for example, the
expressway or the like such as the autobahn) on which
vehicles are permitted to travel at high speed is conceivable.
Therefore, in this case, if the vehicle is decelerated, the
vehicle is likely to interfere with the traffic of another
vehicle, and accordingly, it is considered that the vehicle is
in the situation (deceleration prohibition situation) where it
is not preferable for the vehicle to be automatically stopped
by the deceleration. In view of the above, according to the
above aspect, the deceleration of the vehicle is prohibited in
such a case. As a result, it is possible to further reduce the
possibility that the vehicle is stopped or the vehicle travels
at the extremely low speed in the situation which is not
suitable (favorable) for automatically stopping the vehicle.

[0045] In one of the aspects of the present invention
apparatus,
[0046] the vehicle is provided with a rainfall informa-

tion acquiring device (21, 111) which acquires rainfall
information indicating whether or not the weather
condition around the vehicle is rainy, and

[0047] the decelerating means is configured to deter-
mine whether or not the weather condition around the
vehicle is rainy based on the rainfall information, to
determine whether or not the vehicle is in the decel-
eration prohibition situation (step 610).

[0048] When it is decided the weather condition around
the vehicle (vehicle whose driver is or is likely to be in the
abnormal state) is during rainfall based on the rainfall
information, a case where the vehicle is traveling on the road
where the surrounding weather conditions are during rainfall
is conceivable. Therefore, in this case, if the vehicle is
decelerated, the vehicle is likely to interfere with the traffic
of another vehicle, and accordingly, it is considered that the
vehicle is in the situation (deceleration prohibition situation)
where it is not preferable for the vehicle to be automatically
stopped by the deceleration. In view of the above, according
to the above aspect, the deceleration of the vehicle is
prohibited in such a case. As a result, it is possible to further
reduce the possibility that the vehicle is stopped or the
vehicle travels at the extremely low speed in the situation
which is not suitable (favorable) for automatically stopping
the vehicle.

[0049] In one of the aspects of the present invention
apparatus,
[0050] the vehicle is provided with a dense fog infor-

mation acquiring device (111, 17b) which acquires
dense fog information indicating whether or not the
weather condition around the vehicle is densely foggy
(step 610), and

[0051] the decelerating means is configured to deter-
mine whether or not the weather condition around the
vehicle is densely foggy based on the dense fog infor-
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mation, to determine whether or not the vehicle is in the
deceleration prohibition situation (step 610).

[0052] When it is decided that the weather condition
around the vehicle (vehicle whose driver is or is likely to be
in the abnormal state) is during the dense fog occurrence
based on the dense fog information, a case where the vehicle
is traveling on the road where the surrounding weather
conditions are during the dense fog occurrence is conceiv-
able. Therefore, in this case, if the vehicle is decelerated, the
vehicle is likely to interfere with the traffic of another
vehicle, and accordingly, it is considered that the vehicle is
in the situation (deceleration prohibition situation) where it
is not preferable for the vehicle to be automatically stopped
by the deceleration. In view of the above, according to the
above aspect, the deceleration of the vehicle is prohibited in
such a case. As a result, it is possible to further reduce the
possibility that the vehicle is stopped or the vehicle travels
at the extremely low speed in the situation which is not
suitable (favorable) for automatically stopping the vehicle.

[0053] In one of the aspects of the present invention
apparatus,
[0054] the vehicle is provided with a road surface p

acquiring device (101, 102, 111) which acquires a road
surface friction coefficient of the road on which the
vehicle is traveling, and

[0055] the decelerating means is configured to acquire
the road surface friction coeflicient as the information
on the road surface condition of the road on which the
vehicle is traveling from road surface p acquiring
device, and to determine whether or not the road
surface friction coefficient is smaller than a threshold
road surface friction coefficient, to determine whether
or not the vehicle is in the deceleration prohibition
situation (step 610).

[0056] When the road surface friction coefficient is
smaller than the threshold road surface friction coeflicient, a
case where the vehicle (vehicle whose driver is or is likely
to be in the abnormal state) is traveling on the road surface
having the low road friction coefficient is conceivable.
Therefore, in this case, if the vehicle is decelerated, the
vehicle is likely to interfere with the traffic of another
vehicle, and accordingly, it is considered that the vehicle is
in the situation (deceleration prohibition situation) where it
is not preferable for the vehicle to be automatically stopped
by the deceleration. In view of the above, according to the
above aspect, the deceleration of the vehicle is prohibited in
such a case. As a result, it is possible to further reduce the
possibility that the vehicle is stopped or the vehicle travels
at the extremely low speed in the situation which is not
suitable (favorable) for automatically stopping the vehicle.

[0057] In the above description, references used in the
following descriptions regarding embodiments are added
with parentheses to the elements of the present invention, in
order to assist in understanding the present invention. How-
ever, those references should not be used to limit the scope
of the invention. Other objects, other features, and accom-
panying advantages of the present invention will be readily
understood from the description of embodiments of the
present invention to be given referring to the following
drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0058] FIG. 1is a schematic diagram of a vehicle traveling
control apparatus according to an embodiment of the present
invention.

[0059] FIG. 2 is a flowchart showing a normal state
routine performed by a CPU of the driving support ECU
illustrated in FIG. 1.

[0060] FIG. 3 is a flowchart showing a conclusive abnor-
mality determination routine performed by the CPU of the
driving support ECU illustrated in FIG. 1.

[0061] FIG. 4 is a flowchart showing a tentative abnor-
mality deceleration routine performed by the CPU of the
driving support ECU illustrated in FIG. 1.

[0062] FIG. 5 is a flowchart showing a conclusive abnor-
mality deceleration routine performed by the CPU of the
driving support ECU illustrated in FIG. 1.

[0063] FIG. 6 is a flowchart showing a deceleration per-
mission determination routine performed by the CPU of the
driving support ECU illustrated in FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0064] A vehicle traveling control apparatus (driving sup-
port apparatus) according to an embodiment of the present
invention will be described below, referring to figures.

<Construction>

[0065] The vehicle traveling control apparatus according
to the embodiment of the present invention is, as shown in
FIG. 1, applied to a vehicle (hereinafter, referred to as an
self-vehicle (or own-vehicle)” in order to be distinguished
from another vehicle), and, comprises a driving support
ECU 10, an engine ECU 30, a brake ECU 40, an electric
parking brake ECU 50, a steering ECU 60, a meter ECU 70,
a warning ECU 80, a body ECU 90, a navigation ECU 100,
and an external communication ECU 110.

[0066] Each of these ECUs is an electronic control unit
comprising a microcomputer as a main part. The ECUs are
connected with each other via CAN (Controller Area Net-
work) which is not illustrated so that they are capable of
mutually transmitting and receiving information. In the
present specification, the microcomputer includes a CPU, a
ROM, a RAM, a non-volatile memory, an interface I/F, and
the like. The CPU is configured to implement various
functions by executing instructions (programs, routines)
stored in the ROM. Some or all of these ECUs may be
integrated into a single ECU.

[0067] The driving support ECU 10 is connected to sen-
sors (includes switches) described below, and is configured
to receive a detection signal or an output signal of each of
the sensors. It should be noted that each of the sensors may
be connected to one of the ECUs other than the driving
support ECU 10. In this case, the driving support ECU 10
receives the detection signal or the output signal of the
sensor via CAN from the ECU to which the sensor is
connected.

[0068] An accelerator pedal operation amount sensor 11 is
configured to detect an operation amount of an accelerator
pedal 11a (an accelerator position) of the self-vehicle, and to
output a signal representing an accelerator pedal operation
amount AP.

[0069] A brake pedal operation amount sensor 12 is con-
figured to detect an operation amount of a brake pedal 12a
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of the self-vehicle, and to output a signal representing a
brake pedal operation amount BP.

[0070] A stop lamp switch 13 is configured to output a low
level signal when the brake pedal 12a is not being depressed
(is not being operated), and to output a high level signal
when the brake pedal 12a is being depressed (is being
operated).

[0071] A steering angle sensor 14 is configured to detect a
steering angle of the self-vehicle, and to output a signal
representing a steering angle 8.

[0072] A steering torque sensor 15 is configured to detect
a steering torque applied to a steering shaft US of the
self-vehicle by an operation of a steering wheel SW, and to
output a signal representing a steering torque Tra.

[0073] A vehicle speed sensor 16 is configured to detect a
traveling speed (a vehicle speed) of the self-vehicle, and to
output a signal representing a vehicle speed SPD.

[0074] A radar sensor 17a is configured to acquire infor-
mation on a road in front of the self-vehicle and three-
dimensional objects existing on the road. The three-dimen-
sional objects represent moving objects such as pedestrians,
bicycles and automobiles, and stationary objects such as
utility poles, trees and guardrails. Hereinafter, these three-
dimensional objects may be referred to as a “target object”
in some cases.

[0075] The radar sensor 17a includes “a radar transmit-
ting/receiving part and a signal processing part” which are
not shown in the figure.

[0076] The radar transmitting/receiving part emits an elec-
tric wave in a millimeter waveband (hereinafter, referred to
as a “millimeter wave”) to an ambient region of the self-
vehicle including a front region of the self-vehicle, and
receives the millimeter wave (that is, a reflected wave)
reflected from the target object existing within the emitted
area.

[0077] The signal processing part acquires, every time a
predetermined period of time elapses, an inter-vehicle gap (a
longitudinal distance), a relative speed (a relative longitu-
dinal speed), a lateral distance, a relative lateral speed, and
the like, with respect to each detected target object based on
a phase difference between the transmitted millimeter wave
and the received reflected wave, an attenuation level of the
reflected wave, a time from a point in time of transmitting
the millimeter wave to a point in time of receiving the
reflected wave, and the like. Further, the signal processing
part acquires a speed of each target object (a vehicle speed
of another vehicle) from the relative speed.

[0078] A camera apparatus 175 includes “a stereo camera
and an image processing part” which are not shown in the
figure. The camera apparatus 176 is also referred as an
imaging device. The stereo camera acquires a left-and-right
pair of image data by photographing the landscape of a left
side region and a right region in the front of the vehicle (for
example, the range from several meters to 50 meters from
the front end of the vehicle). The image processing part is
configured to calculate whether or not there is a target object,
a relative relationship between the self-vehicle and the target
object, or the like, based on the photographed left-and-right
pair of image data to output them. Further, the image
processing part detects and outputs “the number of lane
markings, a line type of each lane marking, and a color of
each lane marking” based on the image data.

[0079] It should be noted that the driving support ECU 10
is configured to determine a relative relationship (target
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object information) between the self-vehicle and the target
object, by synthesizing “the relative relationship between
the self-vehicle and the target object acquired by the radar
sensor 17a” and “the relative relationship between the
self-vehicle and the target object acquired by the camera
apparatus 175.”

[0080] Further, the driving support ECU 10 is configured
to detect a road sign (specifically, a limit speed indicator)
from the image data photographed by the camera apparatus
17b to acquire its contents (information on the speed limit
(referred to as “speed limit information™).

[0081] Further, the driving support ECU 10 is configured
to acquire the image data photographed by the camera
apparatus 175 and analyzes the image to determine whether
or not the weather is densely foggy. That is, the driving
support ECU 10 together with the camera apparatus 176
constitutes a dense fog information acquiring apparatus that
acquires dense fog information indicating whether a weather
situation around the vehicle is a situation where a dense fog
is occurring.

[0082] Further, the driving support ECU 10 is configured
to also acquire information on whether or not a roadside wall
exists, based on the image data photographed by the camera
apparatus 175.

[0083] An operation switch 18 is a switch to be operated
by the driver. The driver can select whether or not a traffic
lane keeping assist control (LKA: Lane Keeping Assist
control) is performed by operating the operation switch 18.
Further, the driver can select whether or not a trailing-travel
inter-vehicle-distance control (ACC: Adaptive Cruise Con-
trol) is performed by operating the operation switch 18.
Further, the driver can seta target vehicle speed.

[0084] A yaw rate sensor 19 is configured to detect a yaw
rate of the self-vehicle to output an actual yaw rate YRa.
[0085] A confirmation button 20 is disposed at a position
that can be operated by the driver, outputs a low level signal
when it is not operated, and outputs a high level signal when
it is pressed. The confirmation button 20 is disposed at a
position at which the driver can operate the confirmation
button 20, and outputs a low level signal when it is not
operated/pressed, and outputs a high level signal when it is
operated/pressed.

[0086] A raindrop sensor 21 is disposed outside the win-
dow glass of the self-vehicle, and detects an amount of
raindrops to output the detection result.

[0087] The driving support ECU 10 is configured to be
able to perform the LKA and the ACC. Further, the driving
support ECU 10 is configured to monitor (determine)
whether or not the driver is in an abnormal state in which the
driver loses the ability to drive the vehicle, and to perform
various controls for performing appropriate processes when
it is determined that the driver is in the abnormal state.

<The Traffic Lane Keeping Control (LKA)>

[0088] The traffic lane keeping control is a control to
support a steering operation of the driver by applying a
steering torque to the steering mechanism so that a position
of the self-vehicle is kept in the vicinity of a target traveling
line in a “lane (traveling lane) on which the self-vehicle is
traveling.” The traffic lane keeping control itself is well-
known (for example, refer to Japanese Patent Applications
Laid-Open (kokai) No. 2008-195402, No. 2009-190464, No.
2010-6279, and Japanese Patent No. 4349210, etc.).
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[0089] More specifically, the driving support ECU 10
recognizes (acquires) “the left white line LL and the right
white line LR” of the lane on which the self-vehicle is
traveling based on the image data transmitted from the
camera apparatus 175, and determines a central position of
a pair of these white lines to be (as) the target traveling line
Ld. Moreover, the driving support ECU 10 calculates a
curve radius (a radius of curvature) R of the target traveling
line L.d, and “a position and a direction” of the self-vehicle
within the traveling lane defined by the left white line LL
and the right white line LR.

[0090] The driving support ECU 10 calculates a distance
Dc (hereinafter, referred to as a “center distance Dc¢”) in a
width direction of a road between a central position of a
front end of the self-vehicle and the target traveling line [.d,
and calculates a deviation angle 8y (hereinafter, referred to
as a “yaw angle 0y”) between a direction of the target
traveling line [.d and a traveling direction of the self-vehicle.
[0091] Further, the driving support ECU 10 calculates a
target yaw rate YRc* from a following formula (1) based on
the center distance Dc, the yaw angle 0y, and a road
curvature v (=1/R) at a predetermined calculation interval.
In the formula (1), K1, K2 and K3 are control gains. The
target yaw rate YRc* is a yaw rate which is set in such a
manner that the self-vehicle can travel along the target
traveling line Ld.

YRc*=K1xDc+K2x0y+K3xv (€8]

[0092] The driving support ECU 10 calculates a target
steering torque Tr* for realizing/acquiring the target yaw
rate YRc* based on the target yaw rate YRc* and the actual
yaw rate YRa at a predetermined calculation interval. More
specifically, the driving support ECU 10 stores a lookup
table in advance which defines a relationship between a
“deviation between the target yaw rate YRc* and the actual
yaw rate YRa” and a “target steering torque Tr*”, and
calculates the target steering torque Tr* by applying the
deviation between the target yaw rate YRc* and the actual
yaw rate YRa to this table. Thereafter, the driving support
ECU 10 controls a steering motor 62 using the steering ECU
60 in such a manner that the actual steering torque Tra
becomes equal to the target steering torque Tr*. The above
description is an outline of the traffic lane keeping control.

<Trailing Inter-Vehicle Distance Control (ACC)>

[0093] The trailing inter-vehicle distance control is a con-
trol to make the self-vehicle trail the preceding vehicle
traveling right ahead the self-vehicle, while keeping the
inter-vehicle distance between the preceding vehicle and the
self-vehicle to be/at a predetermined distance. The trailing
inter-vehicle distance control itself is well known (for
example, refer to Japanese Patent Applications Laid-Open
(kokai) No. 2014-148293 and No. 2006-315491, and Japa-
nese Patents No. 4172434, and No. 4929777 and so on.)
Therefore, a simple description will be made below.
[0094] The driving support ECU 10 performs the trailing
inter-vehicle distance control in a case when the trailing
inter-vehicle distance control is being requested by the
operation of the operation switch 18.

[0095] More specifically, the driving support ECU 10
selects a trailing target vehicle (i.e., a trailing objective
vehicle) based on the target object information acquired by
the ambient sensor (the radar sensor 17a and the camera
apparatus 17b) in a case when the trailing inter-vehicle
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distance control is being requested. For example, the driving
support ECU 10 determines whether or not a relative posi-
tion of the target object (n) identified by the lateral distance
Dfy(n) and the inter-vehicle distance Dfx(n) of the detected
target object (n) exists (or, is present) in a trailing target
vehicle area which is set in advance. The trailing target
vehicle area has a lateral length that becomes smaller as the
inter-vehicle distance becomes larger. Thereafter, when the
relative position of the target object exists (or, is present) in
the trailing target vehicle area for more than or equal to a
predetermined time, the driving support ECU 10 selects the
target object (n) as the trailing target vehicle.

[0096] Further, the driving support ECU 10 calculates a
target acceleration Gtgt using either a formula (2) or a
formula (3) below. In the formula (2) and the formula (3), a
V1ix(a) is a relative speed of the trailing target vehicle (a), k1l
and k2 are predetermined positive gains (coefficients), and
AD1 is an inter-vehicle deviation acquired by subtracting a
“target inter-vehicle distance Dtgt” from an “inter-vehicle
distance Dfx(a) of the trailing target vehicle (a)” (AD1=Dfx
(a)-Dtgt). It should be noted that the target inter-vehicle
distance Dtgt is calculated by multiplying a target inter-
vehicle time Ttgt which is set by the driver by using the
operation switch 18 by the vehicle speed SPD of the
self-vehicle (Dtgt=TtgtxSPD).

[0097] The driving support ECU 10 determines the target
acceleration Gtgt by using (in accordance with) the follow-
ing formula (2) in a case when the value (k1xAD1+k2xVix
(a)) is positive or “0.” Kal is a positive gain (coefficient) for
an acceleration and is set to be a value less than or equal to
be “1.”

Gtgt (for the acceleration)=kalx(k1xAD1+k2xVfx(a)) 2)

[0098] On the other hand, the driving support ECU 10
determines the target acceleration Gtgt by using (in accor-
dance with) the following formula (3) in a case when the
value (k1xAD1+k k2xV1x(a)) is negative. Kd1 is positive a
gain (coeflicient) for a deceleration and is set to be “1” in the
present embodiment.

Gtgt (for the deceleration)=kd1x(k1xAD1+k2x Vfx(a)) 3)

[0099] It should be noted that in a case when the target
object does not exist (or not be present) in the trailing target
vehicle area, the driving support ECU 10 determines the
target acceleration Gtgt based on a “target vehicle speed
SPDtgt (hereinafter referred to as a “set vehicle speed or set
vehicle speed of ACC”) which is set depending on the target
inter-vehicle time Ttgt and the vehicle speed SPD, in such a
manner that the vehicle speed SPD of the self-vehicle
matches with (becomes equal to) the target vehicle speed
SPDtgt. The target vehicle speed is set by the driver. The
driving support ECU is configured to be able to set the target
vehicle speed SPDtgt to a desired vehicle speed based on the
operation of the operation switch 18 by the driver.

[0100] The driving support ECU 10 controls the engine
actuator 31 through the engine ECU 30, and when needed,
controls the brake actuator 41 through the brake ECU 40 in
such a manner that the acceleration of the vehicle matches
with the target acceleration Gtgt. The above description is an
outline of the trailing Inter-vehicle distance Control.
[0101] The engine ECU 30 is connected to an engine
actuator 31. The engine actuator 31 includes actuators for
changing a driving state of an internal combustion engine
32. In the present embodiment, the internal combustion
engine 32 is a gasoline fuel injection, spark ignition, multi-
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cylinder engine, and comprises a throttle valve to adjust an
intake air amount. The engine actuator 31 includes at least
a throttle valve actuator to change an opening degree of the
throttle valve. The engine ECU 30 can change torque which
the internal combustion engine 32 generates by driving the
engine actuator 31. The torque which the internal combus-
tion engine 32 generates is transmitted to a non-illustrated
driving wheels via a non-illustrated transmission gear.
Therefore, the engine ECU 30 can control the engine actua-
tor 31 to control a driving force of the self-vehicle, so as to
change an acceleration state (an acceleration).

[0102] The brake ECU 40 is connected to a brake actuator
41. The brake actuator 41 is provided at a hydraulic circuit
between a non-illustrated master cylinder to compress oper-
ating fluid with a depression force of the brake pedal and
friction brake mechanisms 42 provided at left-and-right-
front wheels and left-and-right-rear wheels. The friction
brake mechanisms 42 comprises a brake disc 424 fixed to the
wheel and a brake caliper 425 fixed to a vehicle body. The
brake actuator 41 adjusts, in response to an instruction from
the brake ECU 40, a hydraulic pressure of the operating fluid
that is supplied to a wheel cylinder which is built in the brake
caliper 42b, and operates the wheel cylinder with the
hydraulic pressure. Thereby, the brake actuator 41 presses a
brake pad onto the brake disc 424 to generate a friction brake
force. Accordingly, the brake ECU 40 can control the brake
force of the self-vehicle by controlling the brake actuator 41.
[0103] The electric parking brake ECU (hereinafter, may
be referred to as an “EPB ECU”) 50 is connected to a
parking brake actuator (hereinafter, may be referred to as a
“PKB actuator”) 51. The parking brake actuator 51 is an
actuator for pressing the brake pad onto the brake disc 42a
or for, in a case when comprising a drum brake, pressing a
shoe on a drum rotating with the wheel. Therefore, the EPB
ECU 40 can apply a parking brake force to the wheels by
means of the PKB actuator 51 to maintain the vehicle in a
stop state.

[0104] The steering ECU 60 is a control apparatus of a
well-known electrically-driven power steering system and is
connected to a motor driver 61. The motor driver 61 is
connected to the steering motor (turning use motor) 62. The
steering motor 62 is incorporated into a non-illustrated
“steering mechanism including the steering wheel, the steer-
ing shaft coupled to the steering wheel, a gear mechanism
for steering, and the like” of the vehicle. The steering motor
62 generates torque with electric power supplied from the
motor driver 61 to be able to add a steering assist torque
using the torque, or to turn steered wheels in the left-and-
right direction.

[0105] The meter ECU 70 is connected to a non-illustrated
digital indication type meter and is also connected to a
hazard lamp 71 and a stop lamp 72. The meter ECU 70 can,
in response to an instruction from the driving support ECU
10, make the hazard lamp 71 flash/blink and make the stop
lamp 72 light.

[0106] The warning ECU 80 is connected to a buzzer 81
and an indicator 82. The warning ECU 80 can, in response
to an instruction from the driving support ECU 10, make the
buzzer 81 sound to alert the driver, make a mark for alerting
(for example, a warning lamp) light on the indicator 82, and
display an operating state of a driving support control on the
indicator 82.

[0107] The body ECU 90 is connected to a door lock
device 91 and a horn 92. The body ECU 90 can release the
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door lock device 91 in response to an instruction from the
driving support ECU 10. Furthermore, the body ECU 90 can
sound the horn 92 in response to an instruction from the
driving support ECU 10.

[0108] The navigation ECU 100 is connected to a GPS
receiver 101 that receives GPS signals for detecting a
position of the self-vehicle, a map database 102 that is
storing map information etc, a touch panel display 103 that
is a human machine interface, and the like. The navigation
ECU 100 identifies the present position (when the self-
vehicle is traveling on a road having a plurality of lanes
(lanes), it includes information for identifying which lane
the vehicle is traveling on.) of the self-vehicle based on the
GPS signals. The navigation ECU 100 performs various
arithmetic processing based on the position of the self-
vehicle and the map information stored in the map database
102, and performs a route guidance using the display 103.

[0109] The map information stored in the map database
102 includes road information. The road information
includes Information on the speed limit of the road.

[0110] The external communication ECU 110 is connected
to a wireless communication device 111. The external com-
munication ECU 110 and the wireless communication
device 111 are wireless communication terminals for wire-
lessly connecting the self-vehicle to an external network
system. Further, the wireless communication device 111 can
wirelessly communicate with a communication device
(hereinafter also referred to as a “roadside device”) installed
on the road. The roadside device is configured to be able to
communicate with a traffic center and a weather center, and
to acquire weather information, information on the speed
limit, and information on road surface friction coefficient on
the place where the roadside device is located from these
centers, and to transmit them to the vehicle. It should be
noted that the weather information includes rainfall infor-
mation of the place where the roadside device is located, and
dense fog information of the place where the roadside device
is located.

(Outline of Operation)

[0111] Next, an outline of an operation of the driving
support ECU 10 will be described. The driving support ECU
10 monitors (repeatedly makes a decision) whether or not
the driver of the self-vehicle is in an “abnormal state (simply
referred to as an “abnormal state”) where the driver loses an
ability to drive the self-vehicle” when the driver is driving
the self-vehicle. The driving support ECU 10 classifies a
present state of the driver into three stages/states, namely, a
“normal state”, a “tentative abnormal state”, and a “conclu-
sive abnormal state” to perform processes according to each
of the stages/states.

[0112] More specifically, in a situation where the driving
support ECU 10 decides that the driver is in the normal state,
the driving support ECU 10 determines that it is likely that
the driver is in (has fallen into) the abnormal state when a
“state in which it can be regarded that there is no driving
operation” has continued for a tentative abnormality confir-
mation time tlref. That is, the driving support ECU 10
determines that the driver has fallen into the tentative
abnormal state. It should be noted that, the state in which it
can be regarded that there is no driving operation is one of
the states that occur when the driver is in the abnormal state,
and is also referred to as a “no driving operation state.” The
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no driving operation state is a state in which all of the
following conditions 1 to 3 are satisfied.

[0113] (Condition 1) The steering torque Tra detected by
the steering torque sensor 15 is “0.”

[0114] (Condition 2) The accelerator pedal operation
amount AP detected by the accelerator pedal operation
amount sensor 11 has not changed.

[0115] (Condition 3) The brake pedal operation amount
BP detected by the brake pedal operation amount sensor 12
has not changed.

[0116] It should be noted that the driving support ECU 10
may regard a state where one or two of the conditions 1 to
3 is/are satisfied as the no driving operation state. Further-
more, the following condition 4 may be added to them.
[0117] (Condition 4) The driving ECU 10 determines that
the driver does not touch/hold the steering wheel SW based
on information detected by a touch sensor (not shown)
provided to the steering wheel SW.

[0118] In this case, a state in which the “condition 4” or
“one or more of the conditions 1 to 3 in addition to the
condition 4” is/are satisfied may be regarded as the no
driving operation state.

[0119] When the driving support ECU 10 determines that
the state of the driver is the “tentative abnormal state” (that
is, when a tentative abnormality determination is made), it
gives a warning to the driver for prompting/urging the driver
to perform the driving operation, and forcibly decelerates the
vehicle down to a predetermined speed (conclusive abnor-
mality determination permission vehicle speed SPD1) at a
constant deceleration (first deceleration a1).

[0120] Further, the driving support ECU 10 starts the
traffic lane keeping control (LKA: lane keeping assist con-
trol) when the traffic lane keeping control is not being
performed.

[0121] When the driver notices the warning or the decel-
eration of the vehicle, and thereby, the driver resumes the
driving operation, the driving support ECU 10 detects the
driving operation of the driver so as to determine that the
state of the driver is the “normal state.” In this case, the
warning to the driver and the deceleration of the self-vehicle,
which have been performed by that time point, are ended/
stopped. Further, the setting state of the traffic lane keeping
control is returned to the original setting state.

[0122] On the other hand, since the warning and the
deceleration of the vehicle are performed after the time point
(tentative abnormal state determination time point) when the
state of the driver is determined to be the “tentative abnor-
mal state”, if the driver is not in the abnormal state, it is
considered that the driver is likely to perform some kind of
driving operation. Therefore, when the “state (no driving
operation state) in which the driver does not perform any
driving operation” continues over a conclusive abnormality
determination time t2ref from the tentative abnormality
determination time point, the probability that the driver is in
the abnormal state is very high. In view of the above, in this
case, the driving support ECU 10 confirms/finalizes the
determination that the driver is in the abnormal state. In
other words, the driving support ECU 10 determines that the
driver is in the conclusive abnormal state (that is, it makes
the “conclusive abnormality determination™) to forcibly
decelerate the vehicle at a constant deceleration (second
deceleration c2) from that time point (time point of the
conclusive abnormality determination) until the vehicle
stops.
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[0123] Meanwhile, in a situation (hereinafter referred to as
a “deceleration prohibition situation”) where the self-vehicle
is in at least one of the following situations 1, 2, and 3, it is
not preferable that the self-vehicle stop or travel at low
speed, in view of the safety.

[0124] The situation 1: a situation where a vehicle (dif-
ferent vehicle) other than the self-vehicle such as a follow-
ing vehicle of the automatically stopped self-vehicle or the
like may need/require a sudden braking in order to avoid the
automatically stopped self-vehicle because the vehicle other
than the self-vehicle is traveling at high speed.

[0125] The situation 2: a situation where it is not easy for
the driver of the different vehicle to visually recognize the
automatically stopped self-vehicle because of the poor vis-
ibility for the driver of the different vehicle (for example, a
raining condition (specifically, a slightly heavy rain or
heavier rain), a dense fog condition, or the like). It should be
noted that the “slightly heavy or heavier rain” means, for
example, the “rain whose amount of rainfall per hour is 10
mm/h or more”.

[0126] The situation 3: a situation where it is difficult for
the different vehicle such as the following vehicle of the
automatically stopped self-vehicle or the like to stably stop
or stably rapidly-decelerate in order to avoid the automati-
cally stopped self-vehicle, due to a low road surface friction
coefficient (road surface ).

[0127] Therefore, when it is determined that the state of
the driver of the self-vehicle is the “tentative abnormal state”
or the “conclusive abnormal state”, the driving support ECU
10 determines whether or not the self-vehicle is in the
deceleration prohibition situation. That is, the driving sup-
port ECU 10 determines whether or not the self-vehicle is in
the deceleration prohibition situation, based on at least one
of situations, conditions, and information described below.
They are as follows:

[0128] Self-Vehicle information on the traveling state of
the self-vehicle (more specifically, the vehicle speed of the
self-vehicle, and the set vehicle speed of ACC which has
been set most recently);

[0129] A Vehicle speed situation of another/different
vehicle(s) traveling around the self-vehicle (specifically,
information on the speed of another/different vehicle(s)
traveling around the self-vehicle or on a speed limit of the
road on which the self-vehicle is traveling); and

[0130] A weather condition around the self-vehicle, and a
road surface condition of the road on which the self-vehicle
is traveling.

[0131] The driving support ECU 10 determines whether or
not the self-vehicle is in the deceleration prohibition situa-
tion (that is, at least one of the situations 1 to 3 described
above) based on information on the surrounding environ-
ment of the self-vehicle acquired using the various sensors,
the imaging device and communication means such as the
navigation devices or the like mounted on the self-vehicle.
Specifically, the driving support ECU 10 makes the above
determination according to determination methods shown in
the Table 1 below.

TABLE 1

Deceleration Determination

prohibition method used by the Situation of the
situation driving support ECU self-vehicle
Sit-  Acquire When the “vehicle  Since the self-vehicle is

ua-  the “vehicle speed of the self- in a state of high speed
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TABLE 1-continued
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TABLE 1-continued

Deceleration
prohibition
situation

Determination
method used by the
driving support ECU

Situation of the
self-vehicle

Deceleration Determination
prohibition method used by the Situation of the
situation driving support ECU self-vehicle

tion

speed of
the self-
vehicle”

Acquire

the “vehicle
speed of the
self-vehicle”
and the

“set vehicle
speed (target
vehicle speed)
of ACC which
has been

set most
recently”

Acquire the “set
vehicle

speed of

ACC (target
vehicle speed)”

Acquire

a “vehicle

speed of another
vehicle around
the self-

vehicle

(vehicle speed
of a peripheral
vehicle)”

Acquire a
“speed limit”
from the
navigation
ECU or from the
photographed
image

data including
a road

sign

Acquire an
“amount of
rainfall/
raindrop
(rainfall
information)”

Acquire “rainfall
information”
from the
navigation
ECU or from
an external
communication
ECU.

Acquire the
photographed
image

vehicle” exceeds a
threshold vehicle
speed of the self-
vehicle, the driving
support ECU
determines that the
self-vehicle is in the
situation 1.

When the “vehicle
speed of the self-
vehicle” exceeds
the “set vehicle
speed (target
vehicle speed) of
ACC which has
been set most

traveling, there is a high
possibility that the self-
vehicle is in a place
where another vehicle is
traveling at high speed
and is not easy to stop.

Since the self-vehicle is
traveling at high speed
due to an over speed
condition caused by an
accelerator override in
the ACC or by a
temporary stop of
execution of the ACC,

recently”, the driving etc., the self-vehicle is

support ECU
determines that the
self-vehicle is in the
situation 1.

When the “set
vehicle speed of
ACC” exceeds a
threshold target
vehicle speed, the
driving support ECU
determines that the
self-vehicle is in the
situation 1.

When the “vehicle
speed of the
peripheral vehicle”
exceeds a threshold
vehicle speed of
another vehicle, the
driving support ECU
determines that the
self-vehicle is in the
situation 1

When the “speed
limit” exceeds a
threshold speed
limit, the driving
support ECU
determines that the
self-vehicle is in the
situation 1.

When the “amount
of rainfall” exceeds
a threshold rainfall
amount, the driving
support ECU
determines that the
self-vehicle is in the
situation 2.

When the rainfall
information
indicates that it is
raining, the driving
support ECU
determines that the
self-vehicle is in the
situation 2.

When the driving
support ECU
determines that the

likely to be in a place
where another vehicle is
traveling at high speed,
and thus, is not easy to
stop.

The self-vehicle is likely
to be in a place where
another vehicle is
traveling at high speed,
and thus, is not easy to
stop.

The self-vehicle is likely
to be in a place where
another vehicle is
traveling at high speed,
and thus, is not easy to
stop.

The self-vehicle is likely
to be in a place where
another vehicle is
traveling at high speed,
and thus, is not easy to
stop.

The self-vehicle is likely
to be in a place where
the weather condition
around the self-vehicle is
rainy.

The self-vehicle is likely
to be in a place where
the weather condition
around the self-vehicle is
rainy.

The self-vehicle is likely
to be in a place where
the weather condition of

data (dense fog
information)

Acquire “dense
fog information”

self-vehicle is in a
place where the

weather condition of

the surroundings is
a dense fog through
analyzing the
“photographed
image data”, the

driving support ECU

determines that the
self-vehicle is in the
situation 2.

When the dense fog
information

the surroundings is a
dense fog.

The self-vehicle is likely
to be in a place where

from the indicates that dense the weather condition of
navigation fog is occurring, the the surroundings is a
ECU or from an  driving support ECU dense fog.
external determines that the
communication self-vehicle is in the
ECU. situation 2.
Sit-  Acquire a When the “road The road surface
ua- “road surface surface friction condition of the road on
tion  friction coefficient” is which the self-vehicle is
3 coefficient” from  smaller than a traveling is a road
an external threshold friction surface condition having
communication coefficient, the a low friction coeflicient.
ECU. driving support ECU
determines that the
self-vehicle is in the
situation 3
[0132] It should be noted that an arbitrary value appropri-

ate for the above determination is set as each of the threshold
values (i.e., the threshold self-vehicle speed, the threshold
target vehicle speed, the threshold another vehicle speed, the
threshold speed limit, the threshold rainfall amount, and the
threshold friction coefficient) in Table 1.

[0133] More specifically, based on the speed limit of a
highway, a value in the vicinity of the speed limit of the
highway may be set as the threshold target vehicle speed or
the threshold another vehicle speed, that are used for the
determination based on the “threshold self-vehicle speed”,
the “set vehicle speed of ACC”, the “speed of the peripheral
vehicle”, or the “information on the speed limit”. A value in
the vicinity of the sensor value of the raindrop sensor 21
corresponding to “the rain with one hour rainfall of 10 mm
or more” is set as the threshold rainfall amount used for the
determination based on the “rainfall/raindrop amount.” A
value in the vicinity of the value based on a value that is
generally regarded as a low road surface p (for example, a
road surface 11 of a frozen road) is set as the threshold friction
coefficient used for the determination based on the “road
surface friction coefficient.”

[0134] In a case where it is determined that the self-
vehicle is in the deceleration prohibition situation, the decel-
eration of the self-vehicle with the constant deceleration is
prohibited, the deceleration of the self-vehicle with the
constant deceleration being the deceleration to be performed
when it is determined that the driver is in the tentative
abnormality state and when it is determined that the driver
is in the conclusive abnormality state. Thereby, when the
self-vehicle is in the deceleration prohibition situation, it is
possible to reduce the possibility that the self-vehicle is
automatically stopped and the possibility that the self-
vehicle is made to travel at low speed.
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[0135] On the other hand, in a case where it is determined
that the self-vehicle is not in the deceleration prohibition
situation, the self-vehicle is decelerated with the constant
deceleration when it is determined that the driver is is in the
tentative abnormality state and when it is determined that the
driver is in the conclusive abnormality state.

(Concrete Operation)

[0136] Next, the specific operation of the CPU (also
simply referred to as “CPU”) in the driving support ECU 10
will be described. The CPU is configured to perform each of
routines shown by flowcharts in FIGS. 2 to 6 every time a
predetermined period of time elapses.

[0137] The CPU monitors the state of the driver and
determines which the driver is in, the “normal state”, the
“tentative abnormal state”, or the “conclusive abnormal
state” on the basis of the monitoring result. Thereafter, the
CPU changes (sets) the values of a tentative abnormality flag
Xk and a conclusive abnormality flag Xh according to the
determined state.

[0138] The tentative abnormality flag Xk indicates that the
present state of the driver is the “tentative abnormal state”
when the value of the flag Xk is “1.” The conclusive
abnormality flag Xh indicates that the present state of the
driver is the “conclusive abnormal state” when the value of
the flag Xh is “1.” When the tentative abnormality flag Xk
and the conclusive abnormality flag Xh are both “0”, the
present state of the driver is the “normal state.” The value of
the tentative abnormality flag Xk and the value of the
conclusive abnormality flag Xh are set to “0” in an initial-
ization routine performed by the CPU when an ignition key
switch (not shown) mounted on the self-vehicle is changed
from an off-position to an on-position.

[0139] When the ignition key switch is in the on-position,
the routines shown in FIGS. 2 to 6 are started/executed every
time the predetermined period of time elapses. In this case,
since the tentative abnormality flag Xk and the conclusive
abnormality flag Xh are initialized (Xk=0, Xh=0), a normal
state routine substantially functions.

[0140] Hereinafter, the normal state routine will be
described, referring to FIG. 2. When a predetermined timing
arrives, the CPU starts processing from step 200 of the
normal state routine, and proceeds to step 210 to determine
whether or not both of the value of the tentative abnormality
flag Xk and the value of the conclusive abnormality flag Xh
are “0.”

[0141] Assuming that the present time point is a time point
immediately after the ignition key switch is turned on. In this
case, the tentative abnormality flag Xk and the conclusive
abnormality flag Xh are initialized, and thus, both of the
value of the tentative abnormality flag Xk and the value of
the conclusive abnormality flag Xh are “0.” Therefore, the
CPU makes a “Yes” determination at step 210, and proceeds
to step 220 to determine whether or not the vehicle speed
SPD is higher than or equal to a tentative abnormality
determination permission vehicle speed SPD0 which has
been preset. It is should be noted that the tentative abnor-
mality determination permission vehicle speed SPDO is set
at a value higher than or equal to a conclusive abnormality
determination permission vehicle speed SPD1.

[0142] When the vehicle speed SPD is less than the
tentative abnormality determination permission vehicle
speed SPD0, the CPU makes a “No” determination at step
220 and proceeds to step 225 to set the value of a tentative

Feb. §, 2018

abnormality determination timer t1 to “0” (cleared). There-
after, the CPU proceeds to step 295 to tentatively terminate
the present routine. In contrast, when the vehicle speed SPD
is higher than or equal to the tentative abnormality deter-
mination permission vehicle speed SPD0, the CPU makes a
“Yes” determination at step 220, and proceeds to step 230 to
determine whether or not the driver is in a state (no driving
operation state) in which the driver is not performing the
driving operation. It is should be noted that the no driving
operation state is the state in which none of the conditions
1 to 3 described above is satisfied.

[0143] When the driver is in the state in which the driver
is performing the driving operation (that is, when any one of
the conditions 1 to 3 described above is satisfied), the CPU
makes a “No” determination at step 230 and proceeds to step
240 to set the value of the tentative abnormality determina-
tion timer t1 to “0.” Thereafter, the CPU proceeds to step
295 to tentatively terminate the present routine. In contrast,
when the driver is in the state in which the driver is not
performing the driving operation, the CPU makes a “Yes”
determination at step 230 and proceeds to step 250 to
increase the value of the tentative abnormality determination
timer t1 by “1.” The value of the tentative abnormality
determination timer tl1 represents the time in which no
driving operation state continues when the vehicle speed
SPD is higher than or equal to the tentative abnormality
determination permission vehicle speed SPDO.

[0144] Thereafter, the CPU proceeds to step 260 to deter-
mine whether or not the tentative abnormality determination
timer t1 is greater than or equal to the tentative abnormality
confirmation time t1ref which has been preset. For example,
the tentative abnormality confirmation time tlref is set at an
appropriate time between 5 seconds and 30 seconds.
[0145] When the tentative abnormality determination
timer t1 is less than the tentative abnormality confirmation
time tlref, the CPU makes a “No” determination at step 260
and proceeds to step 295 to tentatively terminate the present
routine. In contrast, when the tentative abnormality deter-
mination timer t1 is greater than or equal to the tentative
abnormality confirmation time tlref, the CPU makes a “Yes”
determination at step 260 and proceeds to step 270 to set the
value of the tentative abnormality flag Xk to “1.” Thereafter,
the CPU proceeds to step 295 to tentatively terminate the
present routine.

[0146] If the state of the driver is the normal state, it is
unlikely that the no driving operation state continues over
the tentative abnormality confirmation time tlref while the
vehicle speed SPD is higher than or equal to the tentative
abnormality determination permission vehicle speed SPD0.
Therefore, when the no driving operation state continues
over the tentative abnormality confirmation time tlref while
the vehicle speed SPD is equal to or higher than the tentative
abnormality determination permission vehicle speed SPDO,
the CPU determines that it is likely that the state of the driver
is the abnormal state (that is, the driver is in the tentative
abnormal state), by the process described above.

[0147] The time point at which the value of the tentative
abnormality flag Xk has been set to “1” is a time point at
which the driving support ECU 10 has determined at the first
time that the driver is in the abnormal state where the driver
loses the ability to drive the vehicle (It has tentatively
determined that the driver is in the abnormal state). When
the tentative abnormality flag Xk is set to “1”, the CPU
makes a “No” determination at step 210 and proceeds to step



US 2018/0037112 Al

295 via step 225. Therefore, the normal state routine of FIG.
2 is not substantially performed, and the conclusive abnor-
mality determination routine which will be described later
functions.

[0148] It is should be noted that when the tentative abnor-
mality flag Xk is set at “1” or when the conclusive abnor-
mality flag Xh is set at “1”, the driving support ECU 10
automatically performs the traffic lane keeping control
(LKA). That is, even when the execution of the traffic lane
keeping control is not selected by the operation switch 18,
the traffic lane keeping control is forcibly performed. There-
fore, even if the driver is not performing the steering
operation, the self-vehicle can travel along the target trav-
eling line (the center position of the left and right white
lines).

[0149] Furthermore, when the tentative abnormality flag
Xk is set at “1” or when the conclusive abnormality flag Xh
is set at “1”, the driving support ECU 10 stops/terminates the
trailing Inter-vehicle distance Control (ACC) even if the
execution of the trailing Inter-vehicle distance Control
(ACC) is selected by the operation switch 18. However,
when the inter-vehicle distance between the self-vehicle and
a preceding vehicle traveling in front of the self-vehicle may
become less than an allowable distance regardless of the
selection of the ACC, the driving support ECU 10 controls
the deceleration of the self-vehicle so that the inter-vehicle
distance does not become shorter than an allowable distance.
[0150] Next, the conclusive abnormality determination
routine will be described, referring to FIG. 3. When a
predetermined timing arrives, the CPU starts processing
from step 300 in FIG. 3, and proceeds to step 310 to
determine whether or not the value of the tentative abnor-
mality flag Xk is “1.”

[0151] When the value of the tentative abnormality flag
Xk is “07, the CPU makes a “No” determination at step 310
and proceeds to step 395 to tentatively terminate the present
routine.

[0152] In contrast, when the value of the tentative abnor-
mality flag Xk is “1”, the CPU makes a “Yes” determination
at step 310 and proceeds to step 320 to determine whether
or not the driver is in the no driving operation state.
[0153] When the driver is in a state in which the driver is
performing the driving operation, the CPU makes a “No”
determination at step 320 and proceeds to step 370 to set the
value of the tentative abnormality flag Xk to “0.” Thereafter,
the CPU proceeds to step 380 to set both the value of the
tentative abnormality determination timer t1 and the value of
the conclusive abnormality determination timer t2 to “0.”
Thereafter, the CPU proceeds to step 395 to tentatively
terminate the present routine.

[0154] In contrast, when the driver is in the no driving
operation state, the CPU makes a “Yes” determination at
step 320 and proceeds to step 330 to increase the value of the
conclusive abnormality determination timer t2 by “1.”
Thereafter, the CPU proceeds to step 340 to perform the
warning to the driver, and proceeds to step 350 to determine
whether or not the conclusive abnormality determination
timer t2 is greater than or equal to the conclusive abnor-
mality confirmation time t2ref which has been preset. It
should be noted that, for example, the conclusive abnormal-
ity confirmation time t2ref is set to an appropriate time
between 20 seconds and 30 seconds.

[0155] When the conclusive abnormality determination
timer t2 is less than the conclusive abnormality confirmation
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time t2ref, the CPU makes a “No” determination at step 350
and proceeds to step 395 to tentatively terminate the present
routine. In contrast, when the conclusive abnormality deter-
mination timer t2 is greater than or equal to the conclusive
abnormality confirmation time t2ref, the CPU makes a “Yes”
determination at step 350 and proceeds to step 360 to set the
value of the tentative abnormality flag Xk to “0” and set the
value of the conclusive abnormality flag Xh to “1.” There-
after, the CPU proceeds to step 395 to tentatively terminate
the present routine.

[0156] If the state of the driver is the normal state, owing
to the warning described above, it is unlikely that the no
driving operation state continues over the conclusive abnor-
mality confirmation time t2ref. Therefore, when the no
driving operation state continues over the conclusive abnor-
mality confirmation time t2ref, the CPU determines that the
state of the driver is the abnormal state (that is, the driver is
in the conclusive abnormal state), by the process described
above.

[0157] Next, the tentative abnormality deceleration rou-
tine will be described, referring to FIG. 4. When a prede-
termined timing arrives, the CPU starts processing from step
400 in FIG. 4, and proceeds to step 410 to determine whether
or not the value of the tentative abnormality flag Xk is “1.”
[0158] When the value of the tentative abnormality flag
Xk is not “17, the CPU makes a “No” determination at step
410 and proceeds to step 495 to tentatively terminate the
present routine. In contrast, when the value of the tentative
abnormality flag Xk is “1”, the CPU makes a “Yes” deter-
mination at step 410 and proceeds to step 420 to determine
whether or not the vehicle speed SPD becomes equal to or
lower than the conclusive abnormality determination per-
mission vehicle speed SPD1 which has been preset. It is
should be noted that the conclusive abnormality determina-
tion permission vehicle speed SPD1 is a lower limit value of
the vehicle speed (which is permitted) while the state of the
driver is determined to be in the tentative abnormality state,
and is set to a value higher than zero.

[0159] When the vehicle speed SPD is higher than the
conclusive abnormality determination permission vehicle
speed SPD1, the CPU makes a “No” determination at step
420, and proceeds to step 430 to determine whether or not
a value of a deceleration prohibition flag Xpro is “0.” The
value of the deceleration prohibition flag Xpro is set to “0”
in the initialization routine described above, and is set to <“0”
when it is determined that the self-vehicle is in a situation
where the self-vehicle is permitted/allowed to decelerate
(that is, when the self-vehicle is not in the deceleration
prohibition situation). Further, the value of the deceleration
prohibition flag Xpro is set to “1” when it is determined that
the self-vehicle is in a state where the self-vehicle should not
be decelerated (that is, when the self-vehicle is in the
deceleration prohibition situation). The method of setting
the deceleration prohibition flag Xpro (that is, the method of
determining whether or not the self-vehicle is in the situation
where the self-vehicle is permitted to decelerate) will be
described later referring to FIG. 6.

[0160] When the value of the deceleration prohibition flag
Xpro is “0”, the CPU makes a “Yes” determination at step
430 and proceeds to step 440 to decelerate the self-vehicle
at/with the first deceleration al. Thereafter, the CPU pro-
ceeds to step 495 to tentatively terminate the present routine.
[0161] When the value of the deceleration prohibition flag
Xpro is not “0” (that is, the value of the deceleration
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prohibition flag Xpro is “1”), the CPU makes a “No”
determination at step 430 and proceeds to step 450 to
maintain the vehicle speed of the self-vehicle at the present
vehicle speed. Thereafter, the CPU proceeds to step 495 to
terminate the present routine.

[0162] In contrast, when the vehicle speed SPD is lower
than or equal to the conclusive abnormality determination
permission vehicle speed SPD1, the CPU makes a “Yes”
determination at step 420 and proceeds to step 450 to
maintain the vehicle speed of the self-vehicle at the present
vehicle speed, and proceeds to step 495 to terminate the
present routine. In this case, the driving support ECU 10
outputs a command signal for causing the self-vehicle to
travel at a constant speed equal to the present vehicle speed
SPD acquired based on the signal from the vehicle speed
sensor 16, to the engine ECU 30 and the brake ECU. As a
result, the traveling state of the self-vehicle is switched from
the deceleration traveling until that time point to the constant
speed traveling. It is should be noted that if the constant
speed traveling is continued, the driving support ECU 10
may store the vehicle speed at the time of switching from the
deceleration traveling to the constant speed traveling, and
maintain the vehicle speed of the self-vehicle at the stored
vehicle speed. Thereafter, the CPU proceeds to step 495 to
tentatively terminate the present routine.

[0163] Owing to those processes described above repeat-
edly executed by the CPU, when the CPU determines that
the self-vehicle is in the deceleration prohibition state, the
CPU prohibits the deceleration traveling at/with the constant
deceleration which is to be performed when the CPU
determines that the driver is in the tentative abnormal state
and determines that the vehicle speed SPD is greater than the
conclusive abnormality determination permission vehicle
speed SPD1. Thereby, it is possible to reduce the possibility
that the self-vehicle is automatically stopped when the
self-vehicle is in the situation in which it is not preferable
that the self-vehicle be stopped, and to reduce the possibility
that the self-vehicle is traveled at low speed in the same
situation as above.

[0164] Next, the conclusive abnormality deceleration rou-
tine will be described, referring to FIG. 5. When a prede-
termined timing arrives, the CPU starts processing from step
500 in FIG. 5, and proceeds to step 510 to determine whether
or not the value of the conclusive abnormality flag Xh is “1.”
[0165] When the value of the conclusive abnormality flag
Xh is not “17, the CPU makes a “No” determination at step
510 and proceeds to step 595 to tentatively terminate the
present routine. In contrast, when the value of the conclusive
abnormality flag Xh is “1”, the CPU makes a “Yes” deter-
mination at step 510 and proceeds to step 520 to determine
whether or not the self-vehicle has stopped based on the
vehicle speed SPD. More specifically, the CPU determines
whether or not the vehicle speed SPD is 0 at step 520.
[0166] When this determination is made for the first time,
the self-vehicle is not stopped. In this case, since the vehicle
speed SPD is not 0, the CPU makes a “No” determination at
step 520 and proceeds to step 530 to output a flashing
instruction of the hazard lamp 71.

[0167] Next, the CPU proceeds to step 540 to determine
whether or not the deceleration is permitted. Specifically, the
CPU determines whether or not the value of the deceleration
prohibition flag Xpro is “0” at step 540.

[0168] When the value of the deceleration prohibition flag
Xpro is “0”, the CPU makes a “Yes” determination at step
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540 and proceeds to step 550 to decelerate the self-vehicle
at/with a second deceleration a2 which has been preset. The
second deceleration a2 is set to a value having a larger
absolute value than an absolute value of the first deceleration
al.

[0169] Next, the CPU proceeds to step 560 and outputs a
lighting command of the stop lamp 72 to the meter ECU 70.
In this way, the stop lamp 72 is turned on, and the hazard
lamp 71 is blinked, so that attention can be given to the
driver of the following vehicle. Thereafter, the CPU pro-
ceeds to step 595 to tentatively terminate the present routine.

[0170] In contrast, when the value of the deceleration
prohibition flag Xpro is “1” (that is, when the deceleration
of the self-vehicle is prohibited) at the time point at which
the CPU performs the process of step 540, the CPU makes
a “No” determination at step 540 and proceeds to step 545
to maintain the vehicle speed of the self-vehicle at the
present vehicle speed (that is, the CPU prohibits the decel-
eration of the self-vehicle), and then proceeds to step 595 to
tentatively terminate the present routine. Therefore, in this
case, since the vehicle is not decelerated, the vehicle does
not stop.

[0171] Meanwhile, when the vehicle speed SPD is O at the
above-described step 520, the CPU makes a “Yes” determi-
nation at step 520, and proceeds to step 570 to apply the
parking brake force to the wheels using the electric parking
brake ECU 50. That is, the driving support ECU 10 main-
tains the self-vehicle at a stopped state. Further, the CPU
flashes the hazard lamp 71 using the meter ECU 70, and
unlocks doors of the vehicle using a door lock ECU (not
shown). Thereafter, the CPU proceeds to step 595 to tenta-
tively terminate the present routine.

[0172] Next, a deceleration permission determination rou-
tine will be described, referring to FIG. 6. When a prede-
termined timing arrives, the CPU starts processing from step
600 in FIG. 6, and proceeds to step 610 to determine whether
or not the self-vehicle is in the deceleration prohibition state.
This determination is made according to the methods shown
in Table 1 already described. That is, the CPU determines
whether or not the self-vehicle is in the deceleration prohi-
bition state by determining whether or not the self-vehicle is
in at least one of the situations 1, 2, and 3, according to the
methods described in Table 1.

[0173] When it is determined that the self-vehicle is in the
deceleration prohibition state, the CPU makes a “Yes”
determination at step 610, and proceeds to step 620 to set the
value of the deceleration prohibition flag Xpro to “1.”
Thereafter, the CPU proceeds to step 695 to tentatively
terminate the present routine.

[0174] In contrast, when it is determined that the self-
vehicle is not in the deceleration prohibition state, the CPU
makes a “No” determination at step 610, and proceeds to
step 630 to set the value of the deceleration prohibition flag
Xpro to “0.” Thereafter, the CPU proceeds to step 695 to
tentatively terminate the present routine.

[0175] According to the vehicle traveling control appara-
tus according to the embodiment of the present invention,
effects described below can be acquired. That is, according
to the conventional apparatus, the place where the automatic
stop of the vehicle is permitted is not specifically deter-
mined/specified. Therefore, even when the self-vehicle is in
the situation which is not suitable/favorable for automati-
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cally stopping the self-vehicle, the self-vehicle is likely to be
automatically stopped or likely to be made to travel at a low
speed.

[0176] In contrast, according to the vehicle traveling con-
trol apparatus according to the embodiment of the present
invention, when the self-vehicle is in the deceleration pro-
hibition state, the deceleration of the self-vehicle is prohib-
ited. Thereby, when the self-vehicle is in the situation which
is not suitable/favorable for automatically stopping the self-
vehicle, it is possible to reduce the possibility that the
self-vehicle is automatically stopped or the possibility that
the self-vehicle is traveled at a low speed.

MODIFIED EXAMPLES

[0177] Although the embodiment of the present invention
has been specifically described above, the present invention
is not limited to the above embodiment, and various modi-
fied examples based on the technical idea within the scope
of the present invention can be adopted.

[0178] For example, in the present embodiment, the stereo
camera is used as the camera apparatus 175, but a monocular
camera or the like may be used.

[0179] Forexample, in the present embodiment, the decel-
eration prohibition situation determined based on at least
one of the vehicle speed situation/condition of another
vehicle traveling around the self-vehicle, the weather situ-
ation/condition around the self-vehicle, and the road surface
situation/condition around the self-vehicle is not limited to
the example described above.

[0180] For example, in the present embodiment, the
method of determining whether or not the self-vehicle is in
the “deceleration prohibition situation™ (that is, whether or
not the self-vehicle is in at least one of the situations 1 to 3)
is not limited to the methods shown in Table 1. For example,
the road surface friction coefficient of the road on which the
self-vehicle is traveling may be acquired based on image
data captured by the image capturing apparatus (camera
apparatus 175). Alternatively, an estimated road surface
friction coefficient of the road on which the self-vehicle is
traveling is acquired by an ABS (Anti-lock Brake System) or
a VSC (Vehicle Stability Control), and the estimated road
surface friction coefficient of the road may be used as the
road surface friction coefficient of the road on which the
self-vehicle is traveling. Further, the road surface friction
coeflicient of the road on which the self-vehicle is traveling
may be acquired through a communication between the
wireless communication device 111 and a roadside apparatus
such as “ITS spot” or the like.

[0181] Furthermore, for example, the driving support
ECU 10 may determine whether or not a wiper switch (not
shown) provided to the self-vehicle is in an ON state (ON
state or OFF state), and when it is determined that the wiper
switch is in the ON state, the driving support ECU 10 may
determine that the self-vehicle is in the situation 2. In
addition, for example, the driving support ECU 10 may
determine what the weather situation/condition is based on
the weather information acquired by the wireless commu-
nication device 111 communicating with an external net-
work system or the like. Then/Thereafter, the driving sup-
port ECU 10 may determine that the self-vehicle is in the
situation 2 when the weather condition/situation is a prede-
termined condition (specifically, rainfall, dense fog, or the
like).
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[0182] The embodiment performs the abnormal determi-
nation of the driver based on the time (duration) for which
the non-driving-operation state is continuing, however, in
place of that, the embodiment may be configured to perform
the abnormal determination of the driver by utilizing so-
called “driver monitoring technique”, described in Japanese
Laid Open Publication No. 2013-152700, for example.
Specifically, a camera for taking an image of the driver of the
self-vehicle is provided on a member (for example, the
steering wheel, a pillar, or the like) inside the self-vehicle.
The driving support ECU 10 may monitor a direction of a
line of sight of the driver or a direction of the driver’s face
using the image taken by the camera. The driving support
ECU 10 may determine that the driver is in the tentative
abnormal state when the direction of the line of the sight of
the driver or the direction of the driver’s face continues to be
a direction with which the line of the sight of the driver or
the direction of the driver’s face does not coincide while the
driver drives the self-vehicle normally, for the tentative
abnormality confirmation time tlref or more. Furthermore,
after the tentative abnormality determination is made, when
the direction of the line of the sight of the driver or the
direction of the driver’s face continues to be the direction
with which the line of the sight of the driver or the direction
of the driver’s face does not coincide while the driver drives
the self-vehicle normally, for the conclusive abnormality
confirmation time t2ref or more, the driving support ECU 10
may determine that the driver is in the conclusive abnormal
state.

[0183] For example, the abnormality determination of the
driver may be made using the confirmation button 20. More
specifically, the driving support ECU 10 may prompt/urge
the driver of the self-vehicle to operate the confirmation
button 20 with a display image and/or a voice message every
time a first time elapses, and may determine that the driver
is in the tentative abnormal state when a state where no
operation of the confirmation button 20 is made continues
for the tentative abnormality determination time tlref or
more. The determination time tlref is longer than the first
time. Further, after it is determined that the driver is in the
tentative abnormal state, the driving support ECU 10 may
prompt/urge the driver of the self-vehicle to operate the
confirmation button 20 with a display image and/or a voice
message every time the first time elapses, and may deter-
mine that the driver is in the conclusive abnormal state when
the state where no operation of the confirmation button 20 is
made continues for the conclusive abnormality determina-
tion time t2ref or more. The determination time t2ref is
longer than the first time.

[0184] Such an abnormality determination using the
image of the driver or the confirmation button 20 can be used
for a determination (at least one of step 230 and step 320) as
to whether or not the driver is in the state in which the driver
is not performing the driving operation.

[0185] Furthermore, in the normal state routine shown in
FIG. 2, the program may be configured to permit the
tentative abnormality determination to be conducted only
when the LKA is being performed, or only when both of the
LKA and the ACC are being performed. That is, the normal
state routine may be changed as follows. A step for deter-
mining “whether or not the LKA is being performed” or
“whether or not both of the LKA and the ACC are being
performed” is added between step 200 and step 210. When
the CPU makes a “Yes” determination at the added step, it
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proceeds to step 210. In contrast, when the CPU makes a
“No” determination at the added step, it proceeds to step
225.
What is claimed is:
1. A vehicle traveling control apparatus applied to a
vehicle comprising;
abnormality monitoring means for monitoring whether or
not a driver of said vehicle is in an abnormal state
where said driver loses an ability to drive said vehicle;
and
decelerating means for decelerating said vehicle to auto-
matically stop said vehicle after a conclusive abnor-
mality determination time point which is a time point
when said abnormality monitoring means finalizes a
determination that said driver is in said abnormal state,
wherein,
said decelerating means is configured to:
determine whether or not said vehicle is in a deceleration
prohibition situation based on at least one set of self-
vehicle information on a traveling state of said vehicle,
information on a vehicle speed of another vehicle
traveling around said vehicle, information on a speed
limit of a road on which said vehicle is traveling,
information on weather condition around said vehicle,
and information on a road surface condition of said
road on which said vehicle is traveling; and
prohibit said deceleration of said vehicle when it is
determined that said vehicle is in said deceleration
prohibition situation.
2. The vehicle traveling control apparatus according to
claim 1, wherein,
said decelerating means is configured to:
start said deceleration of said vehicle from a tentative
abnormal determination time point which is a time
point at which it is determined that said driver is likely
to be in said abnormal state by said abnormality moni-
toring means and which is prior to said conclusive
abnormal determination time point; and
prohibit said deceleration of said vehicle when it is
determined that said vehicle is in said deceleration
prohibition situation in a period after said tentative
abnormality determination time point.
3. The vehicle traveling control apparatus according to
claim 1, wherein,
said decelerating means is configured to:
acquire a vehicle speed of said vehicle as said self-vehicle
information; and
determine whether or not said vehicle speed acquired as
said self-vehicle information is higher than a threshold
self-vehicle speed to determine whether or not said
vehicle is in said deceleration prohibition situation.
4. The vehicle traveling control apparatus according to
claim 1, wherein,
said vehicle is provided with a cruise control apparatus
which controls a vehicle speed of said vehicle in such
a manner that a vehicle speed of said vehicle becomes
equal to a target vehicle speed set by said driver, and
said decelerating means is configured to acquire said
vehicle speed of said vehicle and said target vehicle
speed which has been set most recently as said self-
vehicle information, and to determine whether or not
said vehicle speed of said vehicle is higher than said
target vehicle speed which has been set most recently,
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to determine whether or not said vehicle is in said
deceleration prohibition situation.
5. The vehicle traveling control apparatus according to
claim 1, wherein,
said decelerating means is configured to determine
whether or not said vehicle speed of another vehicle is
higher than a threshold another vehicle speed to deter-
mine whether or not said vehicle is in said deceleration
prohibition situation.
6. The vehicle traveling control apparatus according to
claim 1, wherein,
said vehicle is provided with a cruise control apparatus
which controls a vehicle speed of said vehicle in such
a manner that said vehicle speed of said vehicle
becomes equal to a target vehicle speed set by said
driver, and
said decelerating means is configured to acquire said
target vehicle speed as said Information on said speed
limit, and to determine whether or not said target
vehicle speed is higher than a threshold target vehicle
speed, to determine whether or not said vehicle is in
said deceleration prohibition situation.
7. The vehicle traveling control apparatus according to
claim 1, wherein,
said vehicle is provided with a navigation device having
information on said speed limit of said road on which
said vehicle is traveling, and
said decelerating means is configured to acquire said
speed limit as said information on said speed limit from
said navigation device, and to determine whether or not
said acquired speed limit is higher than a threshold
speed limit, to determine whether or not said vehicle is
in said deceleration prohibition situation.
8. The vehicle traveling control apparatus according to
claim 1, wherein,
said vehicle is provided with a communication device
configured to be capable of receiving information on
said speed limit of said road on which said vehicle is
traveling from an external device of said vehicle, and
said decelerating means is configured to acquire said
speed limit as said information on said speed limit from
said communication device, and to determine whether
or not said acquired speed limit is higher than a
threshold speed limit, to determine whether or not said
vehicle is in said deceleration prohibition situation.
9. The vehicle traveling control apparatus according to
claim 1, wherein,
said vehicle is provided with an imaging device which
acquires image data by photographing a peripheral
region of said vehicle, and
said decelerating means is configured to extract said speed
limit indicated by a road sign included in said image
data as said information on said speed limit, and to
determine whether or not said extracted speed limit is
higher than a threshold speed limit, to determine
whether or not said vehicle is in said deceleration
prohibition situation.
10. The vehicle traveling control apparatus according to
claim 1, wherein,
said vehicle is provided with a rainfall information acquir-
ing device which acquires rainfall information indicat-
ing whether or not the weather condition around said
vehicle is rainy, and
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said decelerating means is configured to determine
whether or not said weather condition around said
vehicle is rainy based on said rainfall information, to
determine whether or not said vehicle is in said decel-
eration prohibition situation.

11. The vehicle traveling control apparatus according to

claim 1, wherein,

said vehicle is provided with a dense fog information
acquiring device which acquires dense fog information
indicating whether or not the weather condition around
said vehicle is densely foggy, and

said decelerating means is configured to determine
whether or not said weather condition around said
vehicle is densely foggy based on said dense fog
information, to determine whether or not said vehicle is
in said deceleration prohibition situation.

12. The vehicle traveling control apparatus according to

claim 1, wherein,

said vehicle is provided with a road surface p acquiring
device which acquires a road surface friction coefficient
of said road on which said vehicle is traveling, and

said decelerating means is configured to acquire said road
surface friction coefficient as said information on said
road surface condition of said road on which said
vehicle is traveling from road surface p acquiring
device, and to determine whether or not said road
surface friction coefficient is smaller than a threshold
road surface friction coefficient, to determine whether
or not said vehicle is in said deceleration prohibition
situation.



